Introduction
Si nce becoming available in everyday practice in 2006, real-time continuous glucose sensing (CGS) has been considered an important addition to the care of patients intensively treated for type 1 diabetes.
1,2 At the same time, however, concerns have been raised regarding the impact of this technology on glycemic control and patient selfmanagement. 3, 4 Experts have questioned whether access to continuous glucose data will enable patients to improve their pattern recognition skills, thereby avoiding hypo-or hyperglycemic excursions, or will lead patients to overbolus in overreaction to short-lived glycemic fluctuations.
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In recent studies, real-time CGS showed promise by decreasing glycemic excursions and duration of hypoglycemia and, ultimately, by improving glycosylated hemoglobin (GHb) values. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] However, important negative studies 18 and critical appraisals of the impact of CGS on diabetes health outcomes 4 suggest that this technology cannot yet be considered fully established in everyday clinical practice.
One difficulty in evaluating complex technological interventions such as CGS-augmented insulin pump therapy lies in a limitation of randomized trials, namely, a frequent lack of generalizability to everyday clinical settings. Often, randomized trial results reflect not only the technology tested but the somewhat rarified phase III setting itself, wherein highly qualified health care teams have ample skill, time, and resources to assist patients in implementing the technology and to encourage adherence to relevant protocols.
Prospective data from a multicenter, multinational patient registry, including a wide variety of community as well as academic practices outside the phase III setting, thus may provide a perspective lacking in randomized trials. We therefore formed such a registry to assess the impact of CGS-augmented insulin pump therapy on glycemic control and the effect of CGS on treatment practices in patients with type 1 diabetes. We now present data from the first 3 months of treatment of the first evaluable cohort from the registry.
Methods

Registry and Patients
This investigator-initiated, prospective, anonymized registry includes consecutive patients from the Central and Eastern Europe, Greece, and Israel (CEEGI) CGS Collaborative Study Group, which is made up of clinicians from community or academic practices in six Central or Eastern European or Mediterranean countries. Because patients were treated under everyday practice conditions rather than according to a centralized protocol, this was an effectiveness study rather than an efficacy study. To be enrolled in the registry, patients had to meet three inclusion criteria: (1) they had a diagnosis of type 1 insulinAbstract cont.
Results:
Of 102 enrolled patients, 85 (83%) with complete weeks 1, 4, and 12 sensor data and baseline/3-month GHb data were evaluable. Evaluable patients were ~54% male and ~75% adult (mean age, 33.2 ± 16.9 years) with longstanding diabetes and high personal/family education levels. Mean GHb declined significantly after 3 months of CGS (7.55 ± 1.33% at baseline to 6.81 ± 1.08% after 12 weeks, 0.74% absolute decrease, P < 0.001). The absolute GHb reduction correlated significantly (P < 0.0005) with baseline GHb: larger absolute reductions tended to occur when baseline levels were higher. An increased basal insulin dose as a percentage of the total daily insulin dose and a decreased daily bolus count from week 1 to week 12 of CGS predicted GHb improvement from baseline to week 12.
Conclusions:
CGS-augmented insulin pump therapy appears to improve glycemic control in type 1 diabetes in varied everyday practice settings.
continuous (operated ≥3 weeks/month), intermittent (operated ≤2 weeks, 6 days/month), or stopped (no use during the month; month 3 only).
Additional glycemia data and insulin therapy data for weeks 1, 4, and 12 on CGS-augmented insulin pump therapy: Additional glycemia data included weekly mean (BG) and standard deviation glucose (SDEV) levels, the glucose areas <70 mg% (AUCL) or >140 mg% (AUCH) normalized to 7 days of the download, and the number of excursions below 70 mg% (LEX) or above 140 mg% (HEX). Insulin therapy data included the total daily insulin dose (INS), the basal insulin dose as a percentage of the total daily insulin dose (BAS), and the number of daily boluses (BOL; both meal and correction boluses).
Data on baseline patient/disease characteristics and on baseline GHb were collected immediately before connection to the CGS-augmented pump. Week 1 and week 4 sensor and pump data were collected at the end of week 4, and remaining data were collected at the end of week 12. Data were anonymized and uploaded by the treating physician or a Paradigm X22 manufacturer's representative using the Internet-based electronic data capture system enCapture ™ (PEC International, Frankfurt, Germany).
Manufacturer's Role
The role of the Paradigm X22 manufacturer and its staff in this study was limited to:
collecting and uploading data for some patients financially supporting use of the data capture system, statistical analyses by an independent statistician, and editorial assistance by an independent medical editor. The lead author chose the statistician and medical editor.
The manufacturer had no access to the overall database, which was assembled by the lead author and the statistician using the data capture system. The manufacturer also had no prepublication access to the statistical results. All manuscript submission decisions were made by the lead author in consultation with the other investigators, without input from the Paradigm X22 manufacturer.
Statistical Analyses
Only patients with baseline and 3-month GHb data and week 1, week 4, and week 12 downloads were included in the statistical analyses. Values were expressed in means ± standard deviations (SDs). The change in mean 4.
• • dependent diabetes mellitus, (2) they were starting CGSaugmented insulin pump therapy with the Paradigm ® X22 (Medtronic MiniMed, Northridge, CA), and (3) they had not previously received CGS-augmented insulin pump therapy with another device. Registry exclusion criteria were pregnancy or plans to attempt to become pregnant during the first 3 months of CGS-augmented insulin pump therapy.
Practices were recruited to participate in the registry based on the belief that a practice had at least one eligible patient. No practice was refused enrollment of any eligible patient. Patients were entered into the registry after the 4-week download, thus excluding patients who discontinued CGS-augmented insulin pump therapy after less than a month. The registry data collection protocol was approved by the Chaim Sheba Medical Center institutional review board. At the time that the registry was formed, CGS-augmented insulin pump therapy was not reimbursed in any participating country.
Patient Education
Patients were instructed in CGS-augmented pump use according to standard local protocols by one or more of physicians, nurses, or pump manufacturer staff; the registry did not query the participating practices on the specifics of their protocols. In all patients, at the start of CGS-augmented pump therapy, the sensors were prescribed to be used continuously.
Data Collection
Four categories of data were collected:
Baseline patient/disease characteristics: gender, age, weight, diabetes duration, previous insulin administration method, education level, and, for pediatric patients (age <18 years), height and parent/guardian education level.
GHb at connection to the Paradigm X22 and after 3 months of CGS-augmented pump therapy: GHb was determined locally. All countries but the Czech Republic used Diabetes Control and Complications Trial (DCCT)-normalized values. GHb values from the Czech Republic, which were International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) standardized, were converted to DCCT equivalents using the following formula: DCCT GHb = 0.915 × IFCC GHb + 2.15. GHb levels from baseline (i.e., pre-CGS-augmented pump therapy) to the end of week 12 was analyzed using a paired samples t test. The impact of continuous versus intermittent sensor use on the 3-month change in GHb was assessed with an analysis of covariance (ANCOVA) with the baseline GHb level as a covariate. Changes in mean glycemia and insulin therapy variables from week 1-week 4 or from week 1-week 12 were evaluated using a multivariate analysis of variance (MANOVA) for repeated measures. To predict changes in glycemia variables from week 1-week 4 or week 1-week 12 according to insulin therapy variables, we used linear multiple regression analyses. Each of the two time deltas of each dependent (glycemia) variable was regressed on the relevant delta level of each insulin therapy variable, while the analysis controlled for the week 1 level of the dependent variable.
Statistical calculations were performed on SPSS 15.0 for Windows (SPSS Inc., Chicago, IL). Statistical results were considered significant at P < 0.05.
Results
Patient Characteristics
In total, the registry enrolled 102 patients from six countries. Of the 102 patients, 85 (83.3%) were eligible for the study analysis; selected characteristics of the 85 are summarized in Table 1 . Compared to the group with complete data, the 17 patients for whom data collection was incomplete were significantly younger (23 ± 14 years, P < 0.05) and had a significantly shorter duration of diabetes (9.6 ± 9.3 years, P = 0.02), but had a similar baseline GHb (7.19 ± 1.04%, P = 0.2) and gender distribution.
Of the evaluable cohort, a slight majority comprised males, and a larger majority were adults. Unsurprisingly in a group starting CGS-augmented insulin pump therapy, patients tended to have longstanding diabetes. At baseline, all patients were receiving insulin pump therapy. Educational levels of the adult patients and the pediatric patients' parents/guardians were generally high: some 70% had at least secondary school education and nearly 40% had university education.
Glycosylated Hemoglobin
Mean ± SD GHb was 7.55 ± 1.33% at baseline and declined to 6.81 ± 1.08% after 12 weeks. This change represented an absolute decrease of 0.74% in the mean GHb value and was statistically significant (P < 0.001). Three-quarters of patients had an absolute GHb reduction, which exceeded one percentage point in 30 patients (35.3%). Sixteen patients (18.8%) had a slight increase in GHb; these patients' mean ± SD baseline GHb (6.50 ± 1.08%) was substantially lower than that of the overall evaluable patient sample. The remaining 5 patients (5.8%) had no change in GHb.
As seen in Figure 1 , the size of the absolute GHb reduction correlated significantly (P < 0.0005) with baseline levels of this analyte: greater absolute reductions tended to occur when baseline levels were higher.
Frequency of Sensor Use and Relationship with GHb Changes
During month 1, 56.4 and 43.4% of patients used sensors continuously and intermittently, respectively. During month 3, 48.1 and 50.6% of patients used sensors continuously and intermittently, respectively, while one patient (1.3%) stopped sensor use.
An ANCOVA on GHb reduction from baseline to week 12, with frequency of sensor use (continuous versus intermittent) as an independent variable and baseline GHb as a covariate, found a significant association between continuous sensor use during month 1 and 3-month GHb improvement (F 1,73 = 4.36, P = 0.04). However, the sensor use pattern during month 3 did not predict a change in GHb (data not shown). A separate MANOVA for repeated measures detected no significant changes from week 1 to week 12 in any mean variable (F 1,79 < 2.43, P > 0.12).
Other Glycemia and Insulin Therapy Data
Insulin Therapy Variables as Determinants of Glycemia Variable Changes
Linear multiple regression analyses found that changes in three out of four mean glycemia variables from week 1 to week 4 each correlated significantly with changes in at least two mean insulin therapy variables during that time. 
Discussion
Our experience provides a heretofore largely unpublished perspective, that of everyday community and academic practice, regarding the impact on glycemic outcomes of the introduction of CGS-augmented insulin pump use in type 1 diabetes. Our 85-patient cohort showed a statistically significant improvement in glycemic control effects on longer term glycemic control should be studied further.
Second, increased BAS and decreased BOL predicted improved GHb. The increase in the number of boluses from 6.6 to 7.4 during the 12-week observation period was nonsignificant (P = 0.34). This finding highlights the controversy regarding the optimal basal:bolus ratio. 21, 24 This controversy revolves around whether an increase in BAS versus an increase in the percentage of INS delivered by bolus or an increase in BOL is associated with improved glucose control in intensive insulin pump therapy of type 1 diabetes. A previous study 24 demonstrated that the daily bolus number was a significant though low (R 2 = 0.13; P < 0.001) predictor of a GHb value <7.5%. The cohort of the aforementioned study consisted of pediatric patients (mean 11.9 ± 4.2 years) with a shorter duration of diabetes (5.9 ± 3.6 years) and a shorter period on insulin pumps. The answer to this question apparently depends on patients' age, carbohydrate intake, or weight: better glycemic control is achieved with increased BOL when patients are younger or have higher carbohydrate intake, but is achieved with increased BAS when they are more obese.
This study was designed to assess the impact of the introduction of real-time CGS on patients' glycemic control and insulin therapy interventions. As in any study, one cannot rule out a contribution of the observation itself to patient behavior and thus to study results-the so-called "Hawthorne (study) effect."
22 Longer observation periods are necessary to decrease the possibility of this effect. Of interest in this context, glycemic control persisted in a subgroup of Greek patients (n = 14) in this registry followed for 6 months.
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Data of 83.3% of patients were available for evaluation. This is not to say that most patients who initiate CGS-augmented insulin pump therapy continue such therapy for 3 months, but rather that those patients who downloaded data after 4 weeks of usage almost always continued such therapy for at least an additional 2 months of follow-up. The study design was not intended to assess technology acceptance, but to evaluate the effect of treatment on those who adopt the technology.
Our overall cohort had relatively good baseline glycemic control (baseline GHb <7% in 24, 28.2% of patients) of fairly long-standing diabetes, and all patients were on continuous subcutaneous insulin infusion therapy prior to implementing CGS augmentation. Thus our patients during 12 weeks of intensive insulin treatment using CGS-augmented pump therapy in the form of a reduction in mean GHb of 0.74%, that is, from 7.55 ± 1.33% to 6.81 ± 1.08% (P < 0.0001).
Somewhat under a third of our cohort (24 patients, 28.2% of the evaluable sample) were well controlled at baseline (GHb <7.0%) and received CGS augmentation of pump therapy to reduce their frequency and duration of hypoglycemia. In this subgroup, improved glycemic control was demonstrated by decreased time under hypoglycemic conditions: mean ± SD AUCL fell from 0.8 ± 1.4 mg/dl/24 hours during week 1 to 0.7 ± 0.7 mg/dl/24 hours during week 4 and 0.7 ± 1.0 mg/dl/24 hours during week 12. The change in AUCL from week 1 to week 12 represented a 16.4% relative reduction (P = 0.71). Consequently, this subgroup had a nonsignificant change in mean ± SD GHb from baseline to 3 months (6.06 ± 0.7% to 5.94 ± 0.9%). Taken together, our findings in the overall sample and in the well-controlled subgroup support the results of real-time CGS studies showing decreased GHb levels when baseline GHb exceeded 7%. 12, 15, 16, 20 For our overall cohort, none of the mean insulin therapy or glycemia variables other than GHb changed significantly from week 1 to week 12. The seeming discrepancy between this observation and the significant 3-month improvement in mean GHb can be explained by the fact that unlike baseline GHb values, initial insulin therapy and non-GHb glycemia variable values were not obtained just before CGS-augmented pump therapy. Rather, the latter values were obtained during the first week of such treatment. Patients' awareness of continuous glucose data affects their behavior very rapidly, especially during initial exposure to the new technology.
10 As our registry was not a formal clinical trial and was established with minimal industry support, no pretreatment download was available. Future patient registry studies incorporating pretreatment insulin therapy and glycemia data will better define changes in these variables induced by CGS.
Attempting to identify predictors for improved glycemic control, specifically for reduced GHb or BG, yielded two interesting observations. First, 12-week GHb improvement was significantly associated with continuous sensor use for the first month, but not the third month of CGSaugmented therapy. This suggests a strategy for sensor use: continuously when starting CGS augmentation, when major pump feature adjustment takes place, and then intermittently as needed to stabilize glycemic control or prevent hypoglycemia, as noted in the GuardControl trial.
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This strategy might optimize cost efficiency, but its were on best intensive insulin practices prior to the study intervention, but improved glycemic control nonetheless. This result may be explained partly by high education levels of the patients or their parents/guardians-over 70% had completed at least secondary school-and by the affluence and high motivation that may be inferred from the absence of reimbursement for CGS equipment during the study period in any registry country. Nonetheless, our findings would appear to be of general clinical relevance to the care of patients with type 1 diabetes on intensive insulin regimens.
Conclusions
In this uncontrolled, prospective patient registry-based study, CGS-augmented insulin pump therapy appeared to improve glycemic control in patients with type 1 diabetes. Improvement in GHb was statistically significant in patients with baseline GHb ≥7% and occurred even when patients were on best intensive insulin practices prior to the addition of CGS. The improved glycemic control was associated with continuous sensor use for at least the first 4 weeks and was predicted by an increase in BAS and a slight decrease in BOL. We hypothesized that the increase in GHb in some patients was secondary to a decrease in hypoglycemic events. We cannot, however, substantiate this hypothesis, as no data on the incidence of such events are available from the time prior to the use of CGS. Others have shown that patients adapt rapidly to continuous data and decrease hypoglycemia events already in the first days of CGS use. A comparison of the hypoglycemic event incidence rate and magnitude preand post-CGS is therefore important for a future design of clinical trials and registry-based studies with CGS.
These observations occurred in a multinational study involving community as well as academic practices and thus appear to be applicable to a wide variety of health care environments.
